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~ This ; 5 - invention relates ■ to the interface between a 
telephone 'network and portable wireless telephone units in 
a radioteiephoriy system and more particularly to equipment 
for the implementation of a personal communications service 
utilizing -cable television facilities, ' 

The development and commercial success of both cellular 
telephone systems , primarily for mobile use, and cordless 
telephones , ■'■ for use - in the vicinity of fixed locations 
within the public switched -telephone network (PSTN) , has 
given rise -t© :: considerable ; -interest in the provision of 
tetherless personal communications using small portable 
handsets within a system which combines some of the 
personal mobility afforded .by a< -cellular system with the 
lower cost and greater system capacity afforded by cordless 
telephones. Proposals for several systems have been 
published and some cases have been the subject of public 
trials .* Such systems are commonly referred to as second 
generation cordless telephony . (CT2) , -third generation 
cordless telephony ( CT3) , and - genericaliy as personal 
communications services .(PCS).. Further- information on such 
-^systems* may be 1 ^ found for- example -in*; the following 
publications: ~ *" r - 

- "Personal -Communications '-- A Report on CT2 & PCN 
Wireless -Communications Systems" by Matthew Dosch, 
published l990by Telecom Publishing Group. 

,? Genaric Framework Criteria for Universal Digital 
Portable Communications Systems (PCS) " published March 
1990 by Bellcore. 

v «mpt 1375 Common Air Interfax© Specification" published 
by Department of Trade & Industry, London, England, 
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1989. 

"Second generation cordless (CT2) telephony in the 
U.K. : telepoint services and the^ co^on air-interface" 
by Prof essor J.G. Gardiner>. :: EiectJ?pnics & Communication 
. Engineering Journal, Apr;i;l X?90> 

"CT2 Plus ; r A; proposal : for a -Canadian Common Radio 
Interface Standard", Issue 2.0, December 1990 , Bell- 
-. Northern Research. •.. . . ;c: :«v~ ..... 

"CT3 - - .Common Radio Interface ^-Specification for 
• - Canadian^ jCordlessr ^Communications" December 19, 1990, 
Novate! Communications. Communications 

- ;* ■ ; . Jnc . g c ; i ~n?Li»: :., \. ;\ : yr* r* ■, • ; _ ■ • ^ r. - ; 

*i f :*.r.:: viiw J = *.:,-'*.; r •-. - 

; A. common objective;; of the . above , PCS ^ systems is the 
provision; of- wireless telephony via small portable handsets 
:: r tp .individuals, either -stationary or pedestrian. This 
wireless service is intended to be available at low cost 
to ;the : general public and operate within and about the 
home, shops, schools, off ices and : v institutions where 
telephone usage isrinpjst likely r to be ^required. Wireless 
telephony; ; is made : possible > by -way. of a - portable radio 
. handset ^carried t on the , person and a, -complementary radio 
base station connected to the public switched telephone 
network (PSTN) within operating rrange^of the handset. This 
operating. -range iso likely .to -be in : the vicinity of 1000 
feet or less r : being ^primarily limited by the transmitter 
power available in a small portable handset, with the 
result that- a very large number -of Jbase station locations 
. is required : to provide^. substantial area coverage. 

The interconnecting of many spatially distributed radio 
base stations with the PSTN and the associated intelligence 



required to locate mobile handsets has been termed a 
personal communication network (PCN) . The construction and 
operation ofc-a* PCN will be required in order for PCS to be 
achieved.: r ;r;A; large number of complex radio base stations 
need to -ber -deployed over: a substantial, area to support 
adequate radio access for- the general/. public to purchase 
the.; service y_ ,Each radio base station, transforms, in a 
duple;:vinannerr voice .signals in a format suitable for 
transmissicm on . twisted pair or -fiber -eptic facilities/ 
into r . radio frequency (RF) signals suitable for exchange 
with the portable handset. 

• In all cases, -a complex signal .multiplexing arrangement 
is used. to. conserve -scarce, . RF; spectrum, available 
allotments being . in the vicinity of aoo.C KHz. Radio base 
station equipment-- must .include -circuitry . to properly 
multiplex and ..de-multiplex^ the RF signals exchanged with 
the portable handset. 

v. In the^case where more than one handset is expected to 
be -in radio.; contact with a base station ^ the circuitry 
necessary r. for: one -duplex conversation .or voice channel 
needs = to . be- .duplicated.,, f or< each- handset - The number of 
users who can: access a. particular .radio base station will 
therefore . be limited jto : th© -nuasber of \ channels it is 
equipped tp support.*- : - x t: > 

? In all digital, cordless telephone formats, the radio 
spectrum is divided: into a number of discrete RF channels 
using Frequency 'Division .Multiple Access (FDMA) Techniques. 
Additionally, some systems such as : CT~3 employ Time 
Division Multiple Access (TDMA) to multiplex several 
traffic channels into each HP - channel. In all cases, 
traffic channels -are processed individually at the base 
station before interconnection to the PSTN occurs. Traffic 
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channels may be used to transport coded voice or data. 

In general/ each radio i~*Ks¥" station consists of a 
number- of * RF : modulators ■ and- demodulators for radio 
communications - with the — handsets, Multiplexers and 
5 .-demultiplexers for handling ^the^etransmission of digital 

information over the radio ; link / i: encoders and decoders for 
1 cdiivertihg* the voice messages into digitally-coded streams 
- of r data, and : a -control system tor * -error correction, 
. estabrisihmeht of radio links, synchronization, and other 
10 functions^ related to, digital -.radio ' transmission. 

The PSTN interface to each radio base station requires 
sufficient capacity, musing existing twisted copper pairs 
. - or new fiber abased terminal equipment. Each channel of 
■ :each base station represents : new telephone line which 
15 must be' estMished' to* th^ -PSTN Vswitch network. In many 

cases, hew 'transmission equipment is needed to serve the 
radio base stations. 

: y 'Thus J a major - problem; common -to both conventional 

r cellular' and PCS radiotelephohy systems, is their 
20 ■ ■* requirement- for numerous > spatially ^distributed base 

- /r stations^ in *>rder to -provide "coverage- over a substantial 

area; The low power: and- limit ed^range of -PCS base stations 
z - : - ^' : '^ makeS thdfe ^problem more ^acute in the case'of PCN networlcs, 

particularly if any substantial degree of -user mobility is 
25 to be provided. This problem has two facets, the first 

being ^ the cos t^ ri and- : complexity : ;of the base stations 
^ themselves/ and the second the cost and complexity of the 
r : 'distribution network; requireSto ^ass signals to and from 
the base stations- i'-vs v>.t- a - x 1 ■ i - ; 

30 ; r/ It n is known in the case of cellular radio systems to 

utilize 5 fibre optic trunks associated *with a CATV system 



to provide signal distribution to the base stations of a 
cellular system, - as described in an article "Rogers Fiber 
Architecture M . '.by George Hart and Nick Hamilton-Piercy , CED 
Magaziney Jluly 1989. Various other proposals have also 
been made^for: the provision of telephony services making 
use; of r.h the existing - fixed : plant- ^of. CATV systems, 
particularly rthose having- two way capability • An article 
"Cellular Radio and Cable TV = Cellular^ Cable" also points 
out the capability of existing two-way CATV systems, 
particularly those using optical fiber technology, to 
replace -conventional twisted pair plant in the transmission 
of- telephone -.communicat ions , the suggestion (no details are 
provided) being , that a .CATV system .might . in effect replace 
the transmitter of a cellular, base station,, with the signal 
being distributed^ by » cable . - - instead K of broadcast , 
analogously to the distribution rather ; Allan broadcast of 
television and radio signals by ; the sy at em > but making use 
of its two-way capability. A system operating generally 
on these principles is disclosed in U.S. Patent No. 
4 , 757 , 496 n (Bartholet) > which discloses frequency-agile 
stations - connected to a coaxial cable, network in a manner 
such as -to? replace, conventional / t^ris ted -pair local 
distribution ; of telephone . signals \ • i S . Patent No . 
4,644,526 (Wu) discloses a device for connection of station 
to . a - network , . which; may be' implemented by coaxial cable , 
by, translating between a single* frequency division duplex 
signal and separate signals carried on different sidebands 
of a-cosMon carrier. .; ; -« . 

The. architecture and technology of typical CATV systems 
is, described further in "Cable Television System Overview- 
1987", published Septeioiperr K., 1987 by American Television 
& Communications Corporation 9 Snglewood, Colorado. Further 
discussion of .two-way CATV; systems ,is to be found in 
Chapter 12 of the book 1 Cable Television 1 , 2nd edition, by 



6 



John E. Cunningham, published 1980 by Howard W. Sams. 

t 

We have now found- that we: can effectively exploit the 
capabilities of a "two-way CATV isysteitr in PCS and analogous 
radio telephony systems by utilizing the CATV system to 
5 provide- a base station or statiohs^with a distributed radio 

transmission capability ,; thus '-enabling each base station 
to service a 'Hfar • larger area'.'-'tJian ^ would otherwise be 
" * possible*- ^-' - ' ^ ^MlrZ-L 

: Ih itis broadest aspect; the; present invention provides 
10 a radiotelephony interface in which the area coverage of 

base r station equipment ds increased : by connecting it to a 
plurality "of antenna drivers- by frequency division duplex 
; trahsmissibri -of ^ transmitted: and ^received signals between 
- th^ base station' equipmeJft arid the antenna drivers over a 
15 ' bidirectional- cable > television system, in frequency bands 

reserved: in.: that system^ for; downstream and upstream 
* communications respectively. \k 



i\i According- to a further aspect; of the , invention, there 
. is provided a radiotelephony interface: for use in a multi- 
20 Channel- radio* > telephony ^ ^system establish wireless 

- communication between ~multipler?pbrtabie-r transceiver units 
- and a telephone^ network, comprising 1 ^t -least a part of a 
CATV system' including a: headend: or hub z and a plurality of 
drdps in" two-way xzommunicat ion with the headend or hub, at 
25 — least ^ oiiiB means - at the headend or hub for processing 

signals received from . and- for ; transmission in multiple 
channels to portable radio transceivers, utilizing blocks 
of channels occupying defined portions of the frequency 
spectrum " f or transmission and reception / and a plurality 
3 0 of remote ^antenna drivers connected to individual drops of 

the CATV syst^my th£- remote antenna: drivers each comprising 
-an antenna > firs€ frequency conversion means for block 



; ;Convcsrting . signal^ .-.received from said transceivers by said 
antenna in said-defined portion of. the frequency spectrum, 
to a. portion?:of .the frequency spectrum, allocated in the 
CATV system for upstream communications , means for applying 
said converted signals to the associated drop as upstream 
signals,.;; second frequency . conversion means for block 
converting downstream signals.., received from said drop for 
transmission .in. a portion . of , the -frequency spectrum 
allocated in the CATV system for downstream communications, 
to the . portion ■ of the frequency . spectrum defined for 
transmission of . such, signals to said transceivers , and 
means for applying said block .converted downstream signals 
to the antenna : , v and the signal .. processing means at the 
headend or hub comprising ^means for transmitting signals 
to the drops. . in a .block of ; .chanxiels,, within said portion of 
the frequency .spectrum allocated in the CATV system for 
downstream communications , and means for receiving signals 
from the drops in a block of channels within said portion 
of the frequency spectrum allocated in. the CATV system for 
upstream communications* 

^ - The .invention also extends to.. a, remote antenna driver 
having the. features set f oirth -a^ove c \ 

The difficulties associated with - the construction of 
a PCN may be significantly reduced by the use of the 
invention. -The bidirectional transport of signals on two- 
way coaxial .cable CATV facilities is. well documented in the 
prior- arty..-. Conventionally, the .conveyance of radio 
frequency. (SF) signals at frequencies greater than 50 MHz 
from an originating location (headend) or relay points 
(hub) downstream . to residences and businesses; upstream 
conveyance is at frequencies in the range 5 to 3 0 MHz from 
residences ? .and businesses,, to^ the hub or headend. The 
signals are conveyed to and from homes and businesses via 
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single coaxial cable drops which are connected to a coaxial 
cable feeder line by Way --of- signarr ^couplers. The feeder 
line may be in turn- cohnect^d^ to. a^rcoaxial trunk line or 
to opto-electroriic ^ transducers. ~whi r ch are connected via 
optical- fiber to a hub or -headend^ yr 

r By- Utilizing a CATV systems to, ^distribute the signals 
of a : base" station- or group of ^baser stations at the hub or 
headend to multlpl-ie antennas, the coverage of such stations 
can - be greatly increased. Iffy as will -usually be the case, 
multiple base stations ' are i required to handle traffic 
demands, these may be -co^-sited at the hub or headend, 
except again 'for the ir ^shaired distribution and remote 
ahtertna drivers. A remote -handset exchanges RF signals 
with the ■ C&TV- facility ^via a remote antenna driver (RAD) • 
The ttumber '©^ handsets Accessing the -CATV facility at each 
RAD :: is * only -limited by the ^base station capacity at the hub 
or heaHehd Serving that RAD. The RADs plus the CATV 
facility are'in effect a low loss transmission path between 
portable handsets and -the main portion of the radio base 
stations at the hub or headend which allows a much greater 
distance between the handset and that main portion than 
would otherwise be^ possible..- ; ^Calls .care handled according 
to techniques already well ? Knownp in. ; cellular telephone 
networks, or as set forth in the publications set forth 
above; * ; • * - . - c* 't 

~ -A iftultiplicity ; of "RADs may be Connected to the CATV 
-facility throughout a-' community, t with widely scattered 
portable • handsets able to communicate with the public 
switched telephone network . (PSTN) -* thorough base station 
equipment located remotely •< from the RADs at a common hub 
or headend of the CATV system. ^ The equipment required at 
the headend or hub may be provided by means of appropriate 
circuit modifications of a conventional radiotelephony base 



statiori, *tcT provid'e reception and transmission in 
appropriate frequency 1 bands for interfacing with the CATV 
system, or an intermediate unit may be connected to radio 
base station antenna ports, the unit operating in a 
compleri£ntk:^ : manner to a RAD to provide the necessary 
frequency* conversion and matching. The equipment must 
provide for the propagation delays 'inherent in a CATV 
system*. J A multiplicity of voice circuits' interconnect the 
muitlpiicit:^ "of radio base stations to the PSTN in 
conventional manner. 

In general , "the RF frequencies allocated for PCS cannot 
be conveyed on CATV facilities and so the principal 
function of a RAD is to translate the PCS frequencies to 
frequencies suitable for CATV. kence signals intended to 
be delivered" to a portable handset by the radio interface 
of the invention are typically conveyed in a frequency band 
above 50 MHz on the CATV facility, and translated by a RAD 
in the vicinity of the portable handset to a frequency in 
the receiver frequency band of the portable handset. 
Signals' transmitted 1 by the portable handset are received 
by* the RAD and translated K tb a frequency typically in the 
rihge 5 to 30 MHz for conveyance by the CATV system to the 
headend iradio base ktation equipment serving that portable 
handset. 

; ' Th£ rkiige of frequencies which each RAD can accommodate 
is desirably sufficient "to allow all channels available for 
PCS to ' be used I without restriction. ' All RADs use 
fuhctidnaliy compatible translation systems to ensure any 
portable handset within communications rahge of any RAD 
can' coramunicate with any free base station on any free 
channel, as established by the normal operation of the PCS 
system equipment ' as if the portable handset was in the 
vicinity of a conventional base station. 
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A presently preferred exemplary embodiment of the 
invention is described furth^X. below with reference to the 
accompanying, drawings , in whiqjx: . ^ 

Figure .1 is a schematic diagram., showing . part of a CATV 
.. system equipped, to provide an ^ interface according to 
. r the present, invention; . _ 
Figure 2 is a more detailed ^schematic, diagram of a remoted 
antenna driver incorporating .the_ system of Figure 1; 

and :> . r - ^ - 

Figure 3 is a schematic diagram showing an interface to a 
PSTN incorporated in a hub of the CATV system of Figure 

Figure . 4 is a schematic diagram of part of a base station 

receiver , illustrating means compensating for 

propagation delays _in the CATy system. 



Figure r l shows, a pepent of a. CATV facility including 
a hub 60 connected to a headend yia v a supertrunk 61 as well 
as to. the : PSTO,.Yia .yoice..circuits 62. v Coaxial cable trunks 
63 with b^idger amplifier? 64 convey signals between the 
hub 60 and coaxial distribution feeders 65. Line extenders 
66 amplify the signals to compensate for signal attenuation 
caused by cable and, by couplers contained within multitaps 
.67 . Coaxial , drop cables 68 (of which only one is shown) 
provide cable television service to residences and 
businesses where television sets 69 are the usual terminal 
equipment. A remote antenna driver (RAPJ. 7^ is connected 
to the drop 6Q to allow portable .telephone handsets 71 in 
the vicinity of the drop to communicate .with the remaining 
equipment , of a radio base station or stations contained in 



r ttie hub 60 / This "equipment will be referred to as the base 
statioir(s) although it-should be understood that the entire 
system- to 4 be described, including the CATV system and RADs, 
together 7 ' constitutes' a form of distributed radio base 
station 'which * acts collectively as the interface between 
the PSTN and l the handsets 71 . A multiplicity of RADs 70 may 
be cbnn^cted ir tb a multiplicity "of drops and multitaps 
67 on a multiplicity of feeder lines 65 and line extenders 
66 ' which -in-* "turn connect to a multiplicity of bridger 
amplifiers 64 on a multiplicity of trunks -63 connected to 
a common hub 60. Each bridger amplifier 64 is equipped 
with amplifiers and diplexing filters to: support two-way 
operation iri a manner conventional in the art of two-way 
CAT*V systems. 5 ^similarly each "a*ihe extender 66 is equipped 
for two-way operation such that signals in the range of 
frequencies 5 to 30 MHz -may -pass : w£tii approximately 3 0dB 
attenuation from the PAD 70 to the hub 60. Signals above 
50 MHz, up to the design limit of the amplifiers 64 , line 
extenders 66 and multitaps 67, which limit is typically 400 
to 550 MHZ/ are conveyed with approximately 50 dB 
attenuation* from the hub 60 to RAD 70. : These attenuation 
f igu^(B3 ai-e exemplary only and may : vary significantly with 
resp<*fct to 'individual drops 68.-" ^ v: 

"" J Aithoucfk' Figure 1 shows connections being established 
to the PSTTC through equipment located at "the hub 60, such 
connections^ could also ba : established through similar 
equipment located at the -headend , particularly in the case 
of a relatively smaller CATV systct; Moreover, the coaxial 
triitik cables connecting bridging amplifiers 64 to the hub 
60 may be ^placed by : optical fibers with appropriate 
transducers to support two-way signal conveyance in 
accordance with neriaal CATV system practice, without 
affeciting the practicality or operation of the invention. 
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Referring now to Figure 2, the RAD 70 will be described 
in more detail. The. ..drop cable, 68 is .connected to a 
diplexing filter 1 by means, ^f whicli-- frequencies in the 
range 5 to 3 0 MHz present on. ; a cpn^uctor. 2 may be inserted 
onto the d^pp cable. 68 with; m^Liujnxm, attenuation. Signals 
above 50 MHz pass through ^.the^ diplexing filter from the 
drop cable: 68 to a conductor r J3 ,^from which they are 
available _to ( a forward frequency^ translation subsystem 7 
yia a coupler 4 and a conductor. 5 ..... A low attenuation path 
through ..coupler 4 ,is made available -via .conductor 6 to a 
suitable connector on the . RAD 70 for ...connection of a 
television 69, for the purpose, of receiving television 
programming normally available. on the CATV facility. The 
RAD 70 has no, eff ect on, normal V CATV service other than a 
sm^ll attenuation^ of -s.igna.ls abov^e 50 MHz. 

. ; ■. PCS -signals r from ; the radio base station equipment in 
the hub and intended for a portable handset 7l # are passed 
to the forward frequency translation subsystem 7 . This acts 
to change low power signals from conductor 5, in any one 
of a : block of channels ,in a predetermined band of 
frequencies typically . having a Jpand^i^lth. equal to that 
allocated f or . PCS channels , : but located between 50 and 550 
MHz / into relatively higher ppwer; signals ^or transmission 
in the frequency band allocated for PCS channels receivable 
by the handset 71, typically in Jt&£ r , ai }? e 900-1000 MHz • The 
transmission signals^are delive^d tq^ .an antenna 26 via an 
electronic switch 25., The, Jaand .of ..frequencies to be so 
changed: will typically be - from 4 7 to ? J20 MHz wide, as 
determined by • the ^portion .of the RP spectrum allotted to 
jthe PCS. All RADs 7 0 will perform an identical translation 
of the complete PCS band r of; frequencies. . 

Within the subsystem 7. the low level downstream PCS 
signals from conductor 5 are amplified by a preamplifier 
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T 11,, with., fixed g^.in and connected via a coupler 12 to a 
mixer;, , 13 & JLpcal oscillator 14 drives the mixer 13 at a 
suitable frequency in known manner to cause the PCS signals 
to be , heterodyned to an intermediate frequency, typically 
in the . vicinity . of 45 MHz and further . amplified by a 
variable gain narrow band amplifier 15 whose output is 
connected., to a band pass .filler 18 vi«a a coupler 17. The 
intermediate,,., frequency, band limited, ..ECS signals are 
heterodyned., a ^second time by a mixer 19 which is driven by 
a local oscillator .20 so as to be translated to the desired 
transmission .frequency band. .Band pass .filter 21 prevents 
spurious mixer signals from reaching a power amplifier 22, 
which delivers jthe maximum allowable PCS , signal power to 
the antenna : 26 via. a qoupler ,23 and the electronic switch 
25... A sample : pf the, power, amplifier 22 - output is diverted 
by the coupler .23 to a, broadband .detector 24 to provide an 
automatic level control signal which limits the gain of the 
power amplifier and so prevents excessive output power 
which might otherwise result in signal distortion and 
unlawful , emissions • 

(r A sample pf the input, signal is diverted by the coupler 
12 to a filler 27 which e:xtracts : ^control and frequency 
reference signals,, which signals are. subsequently amplified 
by an .amplifier 28 and demodulated by a demodulator 3 0 to 
provide .control . information, to , a controller 37 via 
r conductor^ 31.. A. frequency .reference ,is provided to the 
controller via ^coupler 29 to ensure that the various local 
oscillators iji .this and, other RADs, which are frequency 
synthesizers,., r are operating . coherently, at, predetermined 
frequencies. 

The coupler 17 is used to divert a sample of the RF 
power at the output of the variable gain intermediate 
frequency (IF) amplifier 15. A power detector 32 delivers 
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a signal to the controller 37 used for controlling the gain 
of the amplifier 15 "by" a ' signal bUtptlt v on^a conductor 34. 
The signal amplitudes : in ~ %tii"s subsystem also provide an 
' indication of the input signal' levfel to the RAD and thus 
5 the net RiT path 'attenuation between" the hub 60 and the RAD 

70. * The estimated path loss "is ^Used to provide a signal 
on conductor 54 which controls 'the fain of an amplifier 53 
for optiiriiim launching of PCS signals received from the 
■ : " " portable handset" 71 onto the CATV" 'fab ility for conveyance 
10 ' to ' tlia hiib 1 60. A fre<£u6ncy ' ::l c6rtversion subsystem 8 

transf orms low power emissions rSceivitfi' by the antenna 26 
frbm portable handsets 7 1 ' dii Idiann^is laliotfated in the PCS 
frequency spectriilh int displaced in 

' f raqueriby 7 so " as "~ to ^fae ' compatible* with the upstream 
15 r : transport ca^abiiiti^d 6f ' Con^en^idhal bidirectional CATV 

; f abilities," spe&if ^a^^ an : ai!ottad band within the 5 to 
30 z ^z^ : %^G^j&^ c 'tia^ ""Vide "eftbiigh 'to accommodate the 
5 allocated blocK 6f refceptibn dhannels. r 

The subsystem & is connected to the antenna 26 through 
20 the switch 25 by conductor 39, which passes signals through 

as an input filter 40 to a fixed gain amplifier 41 with 
' the received 

PCS si^rnaib of " : 'iuf f iciest 5 le^el >:1 to give reliable 

cdimtihiCatiori Iri^iit preamplifier 41 

25 5 will be 1 rertoWd ; : itist the Slgttkiaf t*ill " be delivered to a 

' mixer 43 which' ia* driVen by a lbcal oscillator 44. The 
' ' : v filter ~40^ ah^tare^ that^unwanted signals but side the PCS 
frequency' band aSre attenuated sufficiently to prevent 
; interference likely 1 to disrupt rel : iabl : e communications. 
3 0 The output of "the mikef 43 is ^at' an intermediate frequency, 

typically 45 MHz, and is amplliei&d by " a band-limited 
variable gain amplifier 46 and delivered to a mixer 49 via 
a'coupler 48. A 'local' oscillator 51 drives the mixer 49 
such that ~ its output contains the PCS "signals translated 



: to 1 the ^desired band- within the range of frequencies 5 to 
"30 *MHzr ,xc A* filter ;; 50 prevents undesired mixer products from 
passing 1 to the output amplifier 53. The coupler 48 diverts 
a sample : of -the PCS signal to an automatic gain control 
module 47 in order to provide optimum gain of the amplifier 
46 relative to the PCS signal level received at antenna 26 , 
which" may vary over a very large range.- More specifically 
the amplif ier <*4 6 operates at maximum "gain for the lowest 
received : signal' power, its gain decreasing linearly with 
increasing received signal power until minimum gain is 
reached, whereafter it maintains minimum gain as receiver 
input power increases further. 

T The ; electronic switch' -2 r 5 : is '-"controlled by the 
controller ' 37 such that—it- Is synchronized with signal 
packets being exchanged -between the RA0 r 7 C and the portable 
handset. 71. Suitable control information, extracted from 
the downstream signals, is delivered to the controller 3 7 
via the demodulator 30 on - conductor -31- to ensure that 
synchronization' is achieved. Because of limitations on the 
isolation achievable in practical switches between the 
conductors 38 and 39, the amplifiers 22 and 41 are 
controlled 'by signals on conductors 5 36 and 42 so as to turn 
the amplifiers -off when not connected to ; the antenna 26. 

- The RAD may be contained in an aesthetically pleasing 
container -suitable for installation in homes or offices and 
is typically powered by commercial 120V AC via a wall mount 
power supply that delivers low voltage AC power to it. A 
low voltage power supply -9 uses this low voltage AC input 
to generate the direct current voltages necessary to power 
the RAD . A bkttery 10 is used to power *" the RAD during 
Interruption of the commercial power' source. Outdoor 
versions of the RAD may be pothered- by 60V square wave power 
conventionally available on the coaxial feeder cable 65, 
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the power supply being adapted in known manner to utilize 
this supply. As a further alternative, ^the RAD may be 
housed within a cable television^ converter unit, and share 
the power supply of that unit^ This alternative^ has the 
advantage that it is more liKely, tgz y provide a favourable 
location for the RAD antenna. c r:i ? ^ 

\ Most functions- of the, BAD* -^described so far are 
substantial lyr independent of the ^implementation of the PCS, 
since they are limited to blocks frequency conversion, power 
amplification and., matching to 3 the- 7 RAD, antenna and to the 
CATV- drop. , ; - , • • 

Several proposed radio Common Air Interfaces (CAI) for 
PCS, radio communication employ. .Time Division Duplex (TDD) 
operation. As a result, - the RAD must be designed for TDD 
operation, on the,, radio,, side. ,,A CATV plant :v will not support 
TDD operation, however,- as It is frequency-divided into two 
bands t a ; high band which handles downstream transmission 
(head-end to hub to subscriber) and a low band which 
handles . upstream , transmission ( subscriber to hub to 
..headend) , ■ :v . ,-. s.»c-y.i 

u s... To % ; accommodate , : a CATVj K transport system from the 
remainder; of : the base rotation .equipment , the latter is 
designed to provide Frequency Division Duplex (FDD) output. 
The -duplex channel s\ are divided into "transmit" and 
"receive 11 : links. which; are, transported on the CATV 
downstream and : upstream bands, respectively. 

As an example of bandwidth requirements, assume a PCS 
system, using CT-2 pAus> : v. Such a system would occupy S MHz 
of bandwidth, with a nominal T 80 channels spaced at 100 KHz 
between channels -In the. simplest case, .the transmit link 
would be carried. downstream in an 8 MHz allocation (eg. 500- 



;/50S MHz.) ' and: the. receive link would be carried upstream in 
;an 8: 3GHz: . allocation (eg. 22-30 MHz). A conventional 
diplexing-- filter is- used to couple the base station 
equipment to, .the. CATV plant, 

jf ->u : - . ...... . 

Conversion of FDD to TDD is performed in the RAD by the 
switch 25 under control of the controller 37 which performs 
the necessary; time duplexing. .An, FDD radio link between 
the :RAD £ and;:/ .the handheld units can; however also be 
accommodated by appropriate control or elimination of the 
switch. For the purposes of description, TDD operation of 
the link is .assumed. - The controller would regenerate the 
synchronization signals .SYNC and SYNC on lines 3 6 and 42 
from the downstream signal sample received from demodulator 

: In a conventional PCS system,/ the handset communicates 
directly with the base : station: via a radio frequency link. 
The only time delay in the path is due to radio propagation 
delays between the base station and the handset. Due to 
the; short radio range of these systems, (typically less than 
3 0Q;mr for reliable radio coverage) these propagation delays 
are. short.- ^-As ,a -result, the digital /transmission schemes 
developed-; for, such ^systems dp not *, incorporate elaborate 
equalisation ; to • compensate ;./for ; time, delays, and FDD 
operation is practicable without such equalization. The 
incorporation of CATV plant -into ; the base station-to- 
handset . . transmission . ;.path . ..does however introduce 
substantial* time ; dalays ; , ; ^ - . m J , ^ _ 

In a conventional PCN^ base station, the -transmitter and 
receiver sections are synchronously -coupled. A clock 
switches the transceiver between transmit and receive 
modes. The time frame employed depends on the Common Air 
Interface CT-2 and CT-2 Plus employ a 2 ms time frame (Tx 



18 

1 ms, Rx 1 ms) while CT-3 employs a 16 ms time frame (Tx 
8ms r Rx 8 ms) . This mode: of operation requires that the 
base-to-handset data burst ^ be closely followed by the 
handset-to-base data burst . "> A^ lengthy delay may cause the 
first few bits of a transmission t'bVv be lost resulting in 
no communications being established between base station 
and handset.- . ^cy^s^i: 

A CATV compatible . PCS base : ^station requires that the 
transmitter and receiver sections be asynchronous, i.e. the 
receiver must be allowed to- 1 slip ' • in: time relative to the 
transmitter; so that received packets can be processed when 
received outside a time slot ^allocated for reception , and 
then deliayed" further so as td f all into such a time slot. 
Eacir transceiver -within a-mUlti-transceiver base station 
must employ an independent slip timing buffer so as to 
compensate for varying propagation delays ih a system 
employing- a ' multiplicity of distributed RADs • This is 
described further below with reference to Figure 4 . 

The handsets do not suffer from CATV induced delay 
because they are configured to slave ^ their transmission to 
the data bursts or -packets which they deceive from the base 
station.— ? The TDD* to FDD translation at the RAD is also 
slaved to the data bur ists received by the handset and since 
it occurs ih close physical -proximity to the handset , no 
propagation delays between the handset 71 and the RAD 70 
are large enough- r : tb cause a problem. In other words 
neither the RAD nor the hatndsets need to make any provision 
for propagation delays within ~*^eM<ACT : system since it is 
the responsibility of the base station equipment at the hub 
(or headend) to make' such provision based on the timing of 
the upstream packets it receives from the RAD. 

When the CAI between the^ RAD and the handset operates 



in TDD mode and the proposed CATV transport system (Base 
Station-to-RAD) operates in an FDD mode, the CATV bandwidth 
is underutilized because the transmit bandwidth is active 
dnl'y half €hi time and the receive bandwidth is active only 
half the' time i; 

In order 'to utilize more fully v the CATV transport 
capacity*/ a technique referred" to as'" "Even/Odd" channel 
assignment" cah be utilized to increase the loading of the 
CATV piant and thus increase efficiency . ; 

To * take an example, 1 each CT-2 Plus channel occupies a 

bandwidth of approximately 200 KHz . Therefore in an 8 MHz 

. A .j . .. . t . - ... 

allocation, 40 channels' may be transmitted simultaneously 
without adjacent channel interference. These 40 channels 
(the "even" channels) wbuld be active' during the transmit 
cycles of a fifst group of RADs designated "even". Also 
connected to the same CATV plant would be an approximately 
equal number of "odd" RADs, which would be in the receive 
mode" while the even RADs are in the transmit mode. A total 
of 40 channels can thus ber received simultaneously without 
adjacent channel interference. At* any given time, 
therefore, there are up to 40 channels in the transmit mode 
and up to 4 of channels ih the 'receive mode for a total of 
8b active^ channels in an 8 MHs allocation. 

During a first phase of ^^thfe Syrichronization signal used 
to operate the switch 25 ' ih the RADs, the odd RADs would 
be transmitting "oh* up £b 40 channels and the even RADs 
would be 'receiving 'on the even channels, whilst during a 
second phase, the operation would be reversed . The only 
difference between 'odd 1 and 'even' RADs is the relative 
phase of the signals SYNC and SYNC, = which can be controlled 
by a 5 signal from the equipment at the hub or headend. The 
RADs can be dynamically or manually assigned to operate in 
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one of the two phases by a signal from the hub or headend 
.equipment. r ^. t r ~ . ... . 

, a CATV system used for PCS. systems must allow for the 
assignment of a block of. channels, in r a contiguous frequency 
band to the service. If the radio CAI interface employs 
a 4 MHz spectrum allocation then an exclusive and 
contiguous 4 MHz of CATV spectriim. must be assigned in each 
of the downstream and upstream paths v If this is not the 
case then . the design .of^ the RAD becomes prohibitively 
complex.. Similarly, if the radio CAI is assigned an 8 MHz 
allocation, and the CATV transport is designed to handle 
the entire allocation, then an exclusive and contiguous 8 
MHz of CATV spectrum is . required in each of the downstream 
and upstream, paths. 

.. Except, for. this requirement, however, the actual 
frequency assigned is not .restricted to any particular part 
of. the CATV . frequency spectrum... The actual assignment is 
determined by the CATV plant operator and is a function of 
the capabilities of the plant. An essential requirement, 
of course, is that the plant be, capable .of bi-directional 
operation. 

The .actual spectrum allocations are a function of 
traffic r requirements , CATV system architecture , and 
utilization of the spectrum for applications other than 
.PCS. . If necessary, several blocks of spectrum can be 
assigned to , the service to increase capacity. Different 
versions of. the RAD would then be employed in the system 
to .translate .the CATV spectrum blocks into* the radio common 
air spectrum. 

- Frequency s re-?use is_ a function of CATV system 
architecturer , If a block of frequencies" is employed at the 



headend of a distribution system, then that block may not 
be refused again ~ in that system* On the other hand, if 
the ;blQckq£U. frequencies is used at a hub, then the block 
of f requencies -may be re-used at other hubs, in a technique 
analogous ~-$lq a technique known as "cell-splitting" in the 
- cellular telephone industry, used to, increase frequency re- 
use as vthe -density of cellular subscribers increases over 
time. v • 

Pilot signals may be used for various functions in the 
proposed system. A downstream pilot signal may be used for 
base station-to-RAD signalling, and an upstream pilot 
signal may be used for RAD-tp-base station signalling. The 
pilot signals maybe located; in the .PCS transport band or 
an out»of-b : and • allocation, may -..be • .usp.d> A number of 
. modulation- techniques- are- :also possible. The actual 
allocation and modulation technique can be determined by 
the CATV operator, to suit system requirements . At the 
least, a downstream pilot is desirable as a simple means 
to. provide . the r synchronization signal for TDD switching, 
and .ct frequency reference for ^the .frequency translators 
fixaployed. in the RAD,. : ; • ... - v ^ 

. • The. .downstream pilot -may *j3l : 1so be modulated with data 
at, the base station - to control, various functions at the 
-RAD. Th^se possible, functions include: 

: a) "Even/Odd", channel block assignments 
: :b). ; . Spectrum -block ^assignment . 
, c) .Output power. control (RAD-handset interface) 
&} : Remote enable/disable of , RADs 

e) .Input* levels control (RAD-CATV interface) 

f ) Output level control (RAD-CATV interface) . 

An upstream pilot generated by each RAD can provide 
functions such as acknowledgement of control messages and 
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power failure or device failure reporting. 

In addition to these PCS-r elated 1 functions, the two 
pilots can also be used £ o£ • various lother purposes. More 
specif ically, they can cairryi: datar^related to auxiliary 
services already proposed or Implemented in two-way CATV 
systems such- as ' special f unc^biGrts" - related to the CATV 
bperatidn e.g. Pay TV, Pay-per-vi^W "^TV ^and remote decoder 
enable/disable, and telemetry control of household utility 
services such as electricity and natural gas. 

Referring now * to Figure^ 3 •>' there :4s shown exemplary 
base station equipment' 100 provided ^at the hub 60 (or 
headend) for connection to multiple twisted pair circuits 
102 forming v the ^otohnecticrt 63 T ^ to a TSTN 104. The base 
station- ^equij>ment ; provides -input and output s ignal 1 ines 
106 » and 108 which' ar^ edhrteoted * to the" conventional CATV 
plSnt 110 at the hub (or headend)' iri which the signals are 
inserted into or extracted from the cables 63 extending out 
of the hub using conventional techniques. In the 
particular example being discussed, the downstream signals 
on line 108 are in a selected available frequency band, of 
a width corresponding to the band-width^ allotted to the PCS 
service being implemented, somewhere within the 50-550 MHz 
frequency band allocated - for * downstream signals. The 
upstream signals are in 3el6cted available frequency band 
in the 5— 33 MHz frequency ;bantf allocated for upstream 
signals. It wiai 'be understood of course that, whilst 
these upstream and -downstream allocations are typical of 
modera CATV installations /:• they may be varied in which case 
the frequencies utilized 'for^upst realm and downstream PCS 
signals will be selected accordingly. 

If the signals on lines 106 and 108 are to be provided 
&nd processed using conventional bas 3 station equipment 



intended for processing signals for direct transmission to 
: and . reception- from PCS transceivers, then these signals 
. : must ber ^translated to and from the frequencies utilized by 
the- PCS— aijT; interface. In such & case, the upstream 
signals^ on- line 106 are applied, together with a local 
oscillator- signal froaa phase locked loop synthesizer 112 
to a •mixer5,114 to generate signals in ths : PCS air interface 
band.; -The ichannel frequencies, so generated will be the 
-same > as those- utilized for » communication between the 
transceivers : 71-,. and, the RADs- 70^ likewise, the base 
station , signals , to ..be. transmitted on- line 108 are 
translated, c : by a further mixer 116 . receiving a local 
oscillator.; signal from. ,the„ synthesizer 112, to the 
frequencies utiliz.ed- : f orrcpramunication between the RADs 70 
and; the transceivers 71r, .: ;The . downstream signals are 
amplified; by a bandpass . amplifier .118 : before application 
to, the s line 108, the pass - band ^of the amplifier 
corresponding to the downstream CATV allocation for the 
signals , and the upstream signals are amplified by a 
•bandpass amplifier 120 having a pass band corresponding to 
that -of , : the base station receiver equipment. If the base 
station, equipment is adapted to handle the allocated CATV 
freguenci©S;.directly>c dt will-be understood that the mixers 
114 and 116 > and \th$ synthesizer; .112^ may. be omitted. 

The upstream signals from the amplifier 120 are applied 
to a splitter 122, which forwards the signal to 
multicouplers ~ 12.4 ..serving ., two groups 126 and 128 of 
receiver : i cards : each providing an interface to a PSTN 
cirpuit 102.; According, to the nature of . the PSTN circuit, 
the signals output by the cards may be analog signals or 
include .an ^interface -to -provide - pulse code modulated 
signals such as a standard Tl interface.; The Tl interface 
may be an intelligent interface including a multiplexer 
with a packet assembler/disassembler (PAD) 130 for routing 
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data or facsimile signals "to a data network 132. 

r ■ iv.pj-z . v V;:- L» 

Signals from a PSTN circuit 102 -pass to a transmitter 
card in one of two groups 13 4^aind 126, which cards may be 
interfaced to that circuit as described above in relation 
to the ; receiver cards, outputs frorn^ the transmitter cards 
are passed -to Combiners 138 and^thefrce to' an RF switch 14 0 
which selected^ the^ outputs of either group 134 or group 13 6 
according to the 'phase of a r synchronizing signal SYNC or 
SYNC received from a pilot signal generator 142. A pilot 
signal generated by the generator* 1 -12122 arid modulated with 
this synchronizing l! signal is- 7 also combined with the 
transmitter ^ output 'by a combiner '144 to perform the 
fuiictribns of the- downstream pilot sighal already discussed 
above. > If art ^iit^of-band piltiit signal is to be used, and 

::the~H£!ktf£ 11-6 -is utilized, '* 'somewhat different arrangement 
is needed :sb 'that, ther pilot signal carrier is not modified 
by": the* mixer* 11 6. - Tn this case the synchronizing signal 
ind other data v to be carried by the pilot- is supplied to 
a frequency modulator 146 together with a carrier frequency 
generated by the synthesizer 112; and the pilot signal is 
combined with the' transmitter signals -by- a combiner 148 
downstream 'of ^ the miker - 116 *s? ^The^pild^ 'generator 142 and 

-the' isyhthSsizer -112 receive ^conubbh^rieference frequency 
from : an internal f requency -r6f erenc& 14 8 , or an external 
reference 150 if frequency coherence with other base 
statioiis^is^heededr; a:.*-- - - A" 

Upstream pildt signals , already discussed above, may 
be ^recovered if Utilized - v from ^ the ^received signal on a 
litte —152 /'* and --applied -through a demodulator 154 to a 
microcontroller"' 156 equipped with a terminal 158, which 
supervises the -tranismiiss xbh- and reception of data carried 
By the : pilot signal arid supplies "data to be transmitted to 
the pilot' generator. 



•The receivers-arid -transmitter cards operate generally 
as is conventional in the cellular telephony and PCS art, 
with each card being capable of receiving or transmitting 
a signal- on_ any channel of the block of channels comprised 
by the PCS : band, and. the r . control functions required for 
allocating; v channels and generally supervising 
communications are also conventional in this art. Since 

-they^ form. r no : part of the present _ invention they have not 
been described nor illustrated in detail. As however has 
been previously mentioned , , and will be .described further 
below, , provision, must ^ be made in, the -receiver cards to 
allow for the- substantially. larger and variable propagation 
delays which will . occur rin.-a CATV" network ..as compared with 

.conventional short range radio .communication between base 
stations and portable or; mobile transceivers. 

In the example described, tha base station equipment 
is grouped in such a way to allow 40 channels in the CT- 
2 Plus format to be combined together during the transmit 
phase of the Time Division. Duplex : (TDD) . Although the 
npminal : channel spacing in CT-2 . and CT-2 Plus is 100 
KHz , the. ^actual bandwidth consumed by. the modulation of 
this channel is : actually 200 KHz. , In formats such as CT- 
2 or CT~3>vthe .number of channels would be adjusted 
accordingly (20 . channels for CT-2) . 

To obtain the maximum number of channels over the plant 
it is neqessary-to synchronize all of the transmit portions 
of the GT-2 equipment,- using tha synchronization signals 
SYNC and SYHC on lines from the pilot generator 142 . This 
prevent spill overs.; or dispersion effects : on what would 
appear to be adjacent channels. . This, bandwidth requirement 
reduces the total number of available channels to half 
under worst case conditions. The CATV plant however 
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provides a bi-directional frequency duplex trunk system. 
When the TDD CT-2 system is mapped into the CATV plant 
system using frequency- translation techniques it is found 
that during the recieive portion : o f rj the TDD cycle the RF 
energy in the CATV plant • is : zero for the block of 
frequencies being utilized. This-' me^hs that this block is 
available for 1 ; use /and the odd/even 7 interleaving technique 
outlined ^abov£ ■' can be implemented : 7 : J " 
. " ^ " V- ■;■-»■ . -.*;':.."...>• 

: In* describing Figure 3 / ?it has 'already been noted that 
duplicate set is of receiver cards -126; 128 -and transmitter 
cards 13-4 and 13 6 are provided. " Each firVt set of cards 
is -provided with the synchronization signal SYNC on line 
160 and each" second ^set of cards with the synchronization 
signal SYNC "of reverse phase- oh line 162, such that only 
the^fir^t ^ets^'or the^ secorid sets are strobed to output 
receive or transmit signals - f at any one time. The operation 
of the switch 140 is also controlled by the pilot generator 
142 so that only the active set of transmitter cards is 
connected to the CATV network at any one time . 

A similar switching technique cannot- be used in respect 
of the receiver bards since "the pr dpacjrat ion delays suffered 
by : the- received signals in differ eht channels will be 
different according -to the ^origin '± of the signal. 
Individual ad jus tment is ^therefore necessary at each 
receiver card, and one ! technique • for achieving this is 
shown in Figure 4* 

■'' Rief erring td Figure 1 4 , showing schematically a portion 
of One of the receiver cards in sets 126 and 128, a signal 
from one -of the loulticouplers a24 is applied to a frequency 
shift ' -keying (FSK) receiver - 200 to ^recover data from 
received data packets; In a typical CT-2 or CT-2 Plus PCS , 
signal packets : are transferred in TDD -to and from the 



- transceivers- -in alternate l ms intervals , to provide a 2 ms 
-cycle"— >*/ifch transmit packets Tx from base station to 
transceiver and receive packets Rx from transceiver to base 
station following each other in immediate succeeding time 
slots at the transceiver, as shown at the top of Figure 4. 

* As " a~ result of propagation* delays in- both downstream 
and upstream- /passage- through the CATV, system, there is 
likely, -to ^be:: a significant \ and. highly variable delay 
between th& end of the period allowed for transmission of 
a Tx packet atvthe base station, and the reception of the 
corresponding Rx packet. : These delays- will frequently be 
such that the Rx packet will not' *be« received within the 
time slot allowed by the TDD synchronization signal SYNC 
-or SYNC or its "reception^ result ingv in 'loss of part of the 
Rx packet,, as illustrated at the * top of - Figure 4. 

To overcome this problem/ provision is made to apply 
an additional delay to the Rx packets in the receiver so 
that each is delayed by a full TDD cycle period, in this 
case 2 as, a multiple cf that period, so as to ensure 
that" thsy are ft received in • the proper- phase relationship 
r with the~ transmission of the associated Tx packets. The 
data recovered by ^receiver 200 is applied to a clock 
recovery circuit 202 , which recovers 5 from the data a data 
bit rate clock signal and a strobe signal marking the 
beginning and end of each packet. The clock signal is used 
to clock data from the receiver 200 into a first-in, first- 
out (FIFO) register 204, when enabled by the recovered 
strobe signal, as illustrated by the adjacent timing 
diagram. Data can be clocked out of the FIFO 204 on a line 
206 by a base station system clock signal 208 when the 
receiver is enabled by the signal SYNC or SYNC, as the case 
may be, provided that a FIFO status line 210 indicates that 
the FIFO contains a complete Rx packet, i.e. the strobe 
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signal is not active and the FIFO contains data. The 
received data packet . cast then be;,.: decoded and either 
converted to an analog signal 7 re-encoded as a PCM signal 
having an appropriate bit rete.*- or passed to a PAD 13 0 for 
further processing. ■ vc.I^c.» 

Whilst the foregoing description has related to an 
exemplary embodiment of the invention, relating to a PCS, 
.tt should be appreciated that- the .-..invention could also 
advantageously be . employed in . a cellular radiotelephone 
system: with suitable changes— of parameters, and indeed in 
any application where the provision of wide area base 
station coverage .is desired -in. a multi-channel 
radiqtelephpny. .system. Wliilst : the- transceivers in the 
system : described -have commonly been referred to as 
handsetsy it: should. be understood that the ^transceivers may 
be any of several forms, whether handheld, mobile, or even 
fixed where a conventional wired telephone circuit cannot 
conveniently^ be provided. Whilst an arrangement in which 
the CAI to the handsets uses a TDD format, the invention 
is .also .applicable to FDD -formats, -apart from those 
features specifically predicated upon the use of TDD. The 
nature- of ,t;he .telephone networjc to- which the invention 
interfaces -is significant only- to- -the .^extent that the 
receivers and transmitters of ? the base - station equipment 
must .be provided with a suitable; interface to the network. 



CLAIMS 

l. V; ^A ifadioteilephony interface for .communication 
with transceiver^' in a defined area, comprising base station 
equipment/ a plurality of v . antenna drivers , antennas 
5 connected to said drivers , and a bidirectional cable 
television - system/ the area coverage of the base station 
equipment being remapped to the defined area by . connecting 
it to the plurality of antenna drivers by frequency, division 
multiplex -transmission of transmitted and received signals 

10 between the base -station equipment and the antenna driver 
over the bidirectional cable television system, -in frequency 
bands reserved in that system for downstream and operation 
communications respectively the- antenna drivers including 
*■ frequency converters for converting transmitted signals from 

15 frequencies in ; the band' reserved' -for downstream signals to 
desired transmission frequencies for ^ application to the 
antennas and converting received signals from frequencies 
- received by the antennas to frequencies in the ba^nd reserved 
for upstream signals, the antenna drivers including means to 

20 derive a common reference frequency and apply it as a 
irefiBrence to' the frequency converters . whereby to provide 
frequency coherency of the frequency* -converters of the 
plurality of antenna drivers. 

2o A radiotelephdhy interface according to claim 1, 
25 wherein the basa station equipment includes a pilot signal 
generator providing a pilot signal- which is transmitted over 
the cable television system by the base station equipment, 
the pilot signal providing the reference frequency derived 
by the 1 antenna drivers. 

30 3, a radiotelephony interface according to claim 2, 

wherein the frequency converters in the antenna drivers 
include local oscillators which aire frequency synthesizers 
controlled by the reference frequency derived from the pilot 
signal. 

35 4. A radiotelephony interface according to claim 3, 
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further including further frequency converters between the 
base station equipment and the bidirectional cable 
television system, said frequency converters including local 
oscillators which are frequency \ synthesizers controlled by 
5 a reference frequency provided to the further converters and 
to the pilot signal generator. q 

5. . .: A radiotelephony interface according to claim 2, 
wherein^ the antenna . .drivers include ^switching, .means to 
transmit and: receive signals through said: antennas in a time 

10; division multiplexed mode, said : switching means being 
controlled by a synchronizing signal included in said pilot 
• signaled . . -v * . ,o- • - 

6. A radiotelephony interface accordingjto claim 5, 
including means: :ap\ then base station equipment £o compare the 

15 phase e of /.synchronising signal components recovered from 
signals ; received by the base " station equipment , from said 
[bidirectional cable television system with that of the 
synchronizing signal included in the pilot signal at the 
base station, and delay means at the base station equipment 

20 toy delay said received signals such that, each such received 
signal is delayed -^by . an integral . number of ..cyples of the 
synchronizing -signal- * . i - v; , ; 

7 . A radiotelephony interface according to claim 6 r 
wherein the .delay means comprise x first-in- first-out buffers 
25 receiving said! received; signals, said signals being read 
f rom> i the buff era under : control of t said ^synchronizing 
signals . • ? u * * c-i. <i± . - i v? ; -s \ ; z 

S. A radiotelephony interface .according to claim 2, 
wherein the pilot signal establishes a reference signal 
30 level wherein the antenna drivers include gain control 
circuits, : and < the: gain control circuits are controlled in 
accordance with the level of said pilot , signal to compensate 
" for attenuation in the cable television system., „ 



9. A radiotelephony interface according to any of 



the'^ preceding. * claisas/rr wharein the bidirectional cable 
. television system^ is a. portion, of a cable television network 
■ having a. head end. and multiple hubs / the portion extending 
downstream K from bthe hub of the network, other hubs of the 
5 network also being used to provide radiotelephony interfaces 
in different:. areas of the network ? frequencies used in one 
hub- also being reused- for independent signals in -inter faces 
associated with other hubs . a 

*— 10v A - radio telephony interface according to any of 
10 the preceding claims, wherein the base station, equipment and 
- the antenna . drivers are adapted to handle - multiple 
communication channels allotted different air interface 
frequencies within a r frequency ; band, .wherein at least a 
section - of the . ;antenn© .drives . which . processes, received 
15 signals • comprises several . similar processing sections , the 

- sections being connected in parallel and e&ch operating on 
a subsection , of the frequency 1band , 

'<'•- *• x , -. ; 

■11. A radiotelephony interface according to any of 

the preceding claims/ wh©rein at least some of the antenna 
20 drivers have power ~ supplies receiving pother from the cable 

television system through a coaxial- feeder cable- 

12 . ' A ^ad±ot©lephpny interface according to any of 
the preceding- claims, wherein the transceivers , within the 
defined area; include- fixed transceivers , 

25 ^13, Avradiotelephony interface according to claim 2 f 

wherein • the antenna drivers include a pilot signal receiver 

- to receive the pilot signal and extract from it a frequency 
: :? reference and control signals for: the antenna driver. 

14. A radiotelephony interface according to claim 
30 13, wherein the antenna drivers include , an upstream pilot 
signal generator to send -upstream pilot signals carrying 
data from the antenna drivers to the base station equipment 
together with signals received , by , the antenna driver from 
the antennas. 



- 32 - 

15. A radiotelephony interface according to any of 
claims 1 to 9; wherein the base station equipment and the 
antenna drivers are adapted to handle::multiple communication 
channels , and the cable televisions system. carries channels 
5 of frequencies more closely spaced rwi thin a. frequency band 
than the minimum channel spacing that can be accommodated by 
the antenna ^irivers , adjacent ^channels on the cable 
television system being \ directed: different sets of 

antenna drivers. f.v 

10 IS.: A remote antenna driver for establishing a 

radiotelephony link between a bi-directional CATV system 
connected to a base -station and a i portable radiotelephone 
transceiver using -at : least one * channel within a portion of 
radio frequency spectrum* comprising - at least:- one antenna, 

15 a receiver - having> v -first; : frequency conversion means , 
including a local oscillator , > for , . converting signals 
received from a transceiver by said antenna, in said portion 
of the frequency - spectrum, to a portion of the frequency 
spectrum allocated in the CATV system for upstream 

20 communications , an interface for applying said converted 
signals to the CATV : system as upstream: signals, a 
transmitter having - second ; - 1 frequency ^conversion means , 
including a s- Aocal oscillator , : far = converting -downstream 
signals, received from said CATV system for transmission in 

25 a -portion- of the- frequency spectrum allocated in the 
distribution system for r downstream communications, to said 
portion of the radio -frequency spectrum, said transmitter 
applying said converted downstream signals to said at least 
one antenna^ a* circuit ^ for extracting/ a frequency reference 

30 from a pilot signal received by said ;?remot€> .antenna driver, 
and a controller for maintaining the * frequency of the local 
oscillators 5 coherent with :respect ? ; to r, said - frequency 
reference. 

17. A remote antenna driver --according to claim 16, 
35 wherein the controller also derives ~a , synchronizing signal 
from the pilot" signal, and further including a multiplexing 
switch driven by said synchronizing signal .to connect said 



at; least one. -ant enna. alternately to said receiver and said 
-transmitter .v / 

18. A remote antenna driver according to claim 16 or 
17, wherein ^said- receiver includes, a squelch circuit, 

5 19, f ;A remote antenna , driver according tp claim 16 , 

wherein the controller receives, a sample of the signal input 
to the transmitter from the CAW .system, .determines its 
level to determine path losses across the CATV system, and 
controls output levels of the transmitter and receiver 
10 accordingly. , T , * .y; 

20. A remote antenna driver according., to any of 
claims; 16 to 19. f . including, ,a circuit ..to. .^e^rfct control 
signals from the signal input ^ £0., the ^transmitter, from the 
- CATV system and apply said, control. _ signals to the 
.15 controller. T 

..-21. A radiotelephony interface in which the area 
; coverage of base station equipment is increased by 
connecting,: it to a plurality of antenna drivers by, frequency 
divisipn duplex transmission of transmitted and received 
. 20 signals between the base station equipment and the antenna 
drivers over a , bidirectional cable televisipn system, in 
frequency bands reserved in % that system for downstream and 
. . . upstream communications respectively.. 

^ 22... An, interface according to claim 21, wherein the 
25 radiotelephony system utilizes an air interface employing 
-time- division duplexing and tlie antenna drivers perform 
- /conversions between, frequency divisipn multiplex and time 
division multiplex. - 

23. An interface according to. claim. 22, wherein the 
30 base station equipment comprises . duplicated sets of 
transmitters and receivers, with each set of transmitters 
operating in successive frequency division multiplex time 
slots of the air interface whilst the other set of 
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transmitters is inactive, and each receiver incorporating 
means to delay signals received from the air interface 
sufficiently to locate them in receptidS timesldts between 
the transmission timeslots of their associated transmitter. 

5 24 J A radio telephony interface for use in a 

multichannel radio telephony system to establish wireless 
~ communication between multiple portable transceiver units 
arid a telephbnfe network, comprising at : least a part of a 

headend e of hub -and a. plurality of 

10 drops in two-way communication with the headend or hub, at 
l£ast one means it the headend or hub fbr processing signals 
received from and for transmission in multiple channels to 
portable radiotelephone transceivers, utilising blocks of 
channels occupying defined portions of the frequency 

15 spectrum f oa* transmission and reception, and a- plurality of 
reiiiote airitiehria ^ individuai drops of the 

CATV System, th£ remote antenna drivers each comprising an 
antenna, first frequency conversion means for block 
converting signals received from said transceivers by said 

20 antenna in said defined portion of the frequency spectrum, 
to : a portion of the frequency spectrum allocated in the CATV 
system for upstream communications > means fbt applying said 
tfbriVefcted signals to the -associated drop as< upstream 
" signals , ^ecoiid frequency conversion means for block 

25 conV&irtiri^ downstream v signals received from said drop for 
transmission/ in a portion of the frequency spectrum 
allocated in the GOT sys^ downstream" communications f 

to the portion of the frequency spectrum defined for 
'transmission of such signals -to said transceivers, and means 

30 for applying said block converted downstream signals to the 
antenna, : aiiid the' signal processing means at the headend or 
hula r comprising means 1 £ ©retransmitting signals to the drops 
in a block of channels within said portion of the frequency 
spectrum allotted in the CATV system for downstream 

35 communications , " and means for receiving 'signals from the 
drops in a blbbk df channels within said portion of the 
frequency "sp^ctriamL allocated in the CATV system for upstream 
communication. 
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25 . A remote antenna driver for establishing a 
radiotelephony link -between a CATV system and portable 
radiotelephone transceivers on any of a plurality of 
channels within ia defined allocation of the radio frequency 

5 spectrum , Comprising an antenna, first frequency conversion 
means for block converting signals received from a 
transceiver by 1 said antenna • in said allocation of the 
frequency spectrum/ to a portion of the- frequency spectrum 
allocated in the ^ CATV system for upstream .communications/ 

10 means for applyihig said converted signals to a drop of the 
CATV system as upstream signals, second frequency conversion 
means for block converting downstream -signals, received from 
said drop for transmission in a portion of the frequency 
spectruia allocated in the CATV system for downstream 

15 communications , to the allocation of the frequency spectrum 
defined for transmission - of such signals to said 
transceivers/ and means for applying said block converted 
downstream signals to the antenna. 

26. A radiotelephony interface substantially as 
20 hereiiibef ore described with reference to the accompanying 

drawings*. • s ^-.r 

27 . A remote antenna driver substantially as 
hereinbefore described with reference to Figure 2 of the 
accompanying drawings. r 

25 28. A radiotelephony interface , having 'odd-even' 

channel interleaving substantially as hereinbefore described 
with reference to the' accompanying drawings; 

2S. A radiotelephony interface incorporating a cable 
based frequency division multiplex signal distribution 
30 system from base station equipment to remote antenna drivers 
which provide a time division multiplex air interface, the 
signal distribution system being substantially as 
hereinbefore described with reference to the accompanying 
drawings . ' 



Amendments to the claims have been filed as follows 



1. A remote antenna ..driver : for. establishing a 
• radiotelephone link between a - ; bi- directional CATV system 
connected, to a base station and a portable radiotelephone 
5 transceiver, using any of a plurality of channels within a 
r portion of the radio frequency spectrum, comprising at least 
one antenna, first frequency conversion means for converting 
signals* received from a, -transceiver hy said antenna in said 
portion of the., frequency spectrum,, to a portion of the 
10 frequency spectrum allocated in the ..CATV, system i pr upstream 
communications, means for applying said converted signals to 
the CATV.: system as upstream signals, second frequency 
v conversion means for converting downstream signals, received 
from;. said CATV system for transmission in a portion of the 
15- frequency spectrum .allocated : in the distribution system for 
downstream communications , to - said portion, of r the radio 
frequency .spectrum* and means jr.f or ;. ; applying said converted 
downstream signals to said at least one antenna. 

: 2. A remote antenna driver according to claim 1, 
20 including means _ to establish tiine . .division ..multiplex 
transmission and reception over the radiotelephony link. 

3* A remote antenna : (^iyer according to claim 1, 
including means ^p;-receive and . transmit pilot signals used 
for control purposes from and to the base station over the 
25 CATV system. 

. 4 . A remote; ; antenna driver for establishing a 
radiotelephony link between a bi-directional CATV system 
connected to a base station and a portable radiotelephone 
transceiver, using ;.at least; pne ; channel within a portion of 
3 0 radio frequency spectrum, comprising at least one antenna, 
a receiver - having- first . frequency conversion means, 
.^including a . local oscillator, for converting signals 
received from a transceiver by said antenna inlaid portion 
" . of the frequency spectrum, to a portion of. the _ frequency 
35 spectrum allocated in the CATV system., for. upstream 



communicatibns/ an interface for applying said converted 
Signals ■ ~to the CATV* system as upstream signals, a 
transmitter having second frequency conversion means, 
including r a lockl oscillator, for converting downstream 
5 signals, received from said CATV system for transmission in 
a portion ' "'of the frequency spectrum allocated in the 
distribution system for downstream communications , to said 
portion of 'the 'radio frequency spectrum, said transmitter 
applying said converted downstream signals to- said at least 
10" one anteiuiai/ a Circuit for extracting a frequency reference 
from a pilot signal received by said remote antenna driver, 
and a controller for maintaining the frequency of the local 
oscillators coherent with respect to said frequency 
reference. " w - 

15 5/ A remote antenna driver according to claim 4, 

wherein the controller also derives a synchronizing signal 
"from the pilot signal, and further including a multiplexing 
switch driven by said synchronizing' signal to connect said 
at' least* one antenna alternately to said receiver and said 

2 0 transmitter . 

1 6: A remote antenna driver for establishing a 
radiotelephone link between a bi-directional CATV system 
connebted to a base station and a portable radiotelephone 
transceiver using at least one channel within a portion of 

25 the radio frequency spectrum, the remote antenna driver 
comprising an antenna; a receiver having first frequency 
" ; conversion : means including a first local oscillator for 
cbhverting signals received from thte portable transceiver by 
said antenna in said portion of the radio frequency spectrum 

30 to first intermediate frequency signals, and a second local 
oscillator for converting said first intermediate frequency 
signals to signals in a portion of the frequency spectrum 
allocated in the CATV system for upstream communications; an 
interface for applying said converted first intermediate 

35 frequency signals to the CATV system as upstream signals; a 
transmitter having second frequency conversion means 
including a third local oscillator for converting downstream 
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signals received from said CATV system for transmission in 
a portion of the frequency; spectrum., allocated ., i. n thG CATV 
system for downstream communications to .second intermediate 
frequency signals, and a fourth local oscillator for 
5 converting said second intermediate frequency signals to 
signals in -said portion of the radio, frequency spectrum, 
said transmitter applying said converted second intermediate 
frequency signals to said antenna; % a qircuit for extracting 
a reference frequency from. a signal applied to said circuit; 
10. and a controller for maintaining, r the frequency of the first, 
second, third and fourth local ^oscillators coherent with 
respect to the reference frequency, 

i . » * * . - ■« ... 

7. A remote antenna driver according to claim 4, 5 
or 6, wherein said receiver includes a squelch circuit. 

15 8 V V A remote antenn^t driver according to claim 4 or 

6, wherein the, controller receives a sample of ., the signal 
input to .the transmitter from the CATV system, determines 
its level to determine path losses across the CATV system, 
and controls output levels of the transmitter and receiver 

20 accordingly. 

9... A : remote antenna driver according to any of 
claims 4 - to 8 , r including a circuit to extract control 
signals from ; the signal input ..Jfcp.: the , transmitter from the 
CATV system aind - to r apply said control signals to the 
25 controller . . ^ - 

10. A ; remote . antenna driver substantially as 
. here inbe fore : described with reference to Figure 2 of the 
accompanying drawings.- - . 



2^ 

Patents Act 1977 

Examiner's report to the Comptroller under, Section 17 
(The Search report) 



Application number 
GB 9511174.6 



Relevant Technical Fields 



Search Examiner 
AL STRAYTON 



(i) UK CI (Ed.N) 

(ii) Int CI (Ed.6) 



H4%RCC; RCSC; RCX 
H04H, H04N 



Date of completion of Search 
30 JUNE 1995 



Databases (see below) 

(i) UK Patent Office collections of GB, EP, WO and US patent 
specifications. 



Documents considered relevant 
following a search in respect of 
Claims :- 

.1-20- .... ; 



Categories of documents 

X: Document indicating lack of novelty or of inventive step. 
Y: 



A: 



Document indicating lack of inventive step if combined with 
one or more other documents of the same category. 

Document indicating technological background and/or state 
of the art. 



E: 



Document published on or after the declared priority dale 
* but before the filing date of the present application. 

Patent document published on or after, but with priority date 
earlier than, the filing dale of the present application. 



• Member of the same patent family; corresponding document. 



Category 



Identity of document and . relevant passages 



Relevant to 
claim(s) 



WO 93/06669 Al (BARAN) 



D.ubases:The UK Patent Offic* datable comprises classified collections of OB, EP. WO a»d US paieni specifications as oullined periodically in 
(Patents). The on-line databases considered for starch are also listed periodically in Hie Official Journal (Patcuts). 

". T3 - 21235 



the Official Journal 



Page 1 of 1 




Patent 
Office 



Application No: 
Claims searched: 



GB 9511174.6 
1 to3 



Examiner: Mr.S.SATKURUNATH 
Date of search: 8 August 1995 



■ t:i 



Patents Act 1977 

Further Search Report under Section 17 
Databases searched: 



UK Patent Office collections, including GB, EP, WO & US.patent specifications, in: 
UK CI (Ed.N): H4R: RCC, RCSC, RCX 
Int CI (Ed.6): H04H, H04N 
Other: Online: WPI, JAPIO, INSPEC ^, \ J ..' ,. . ■ 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 
to claims 




NONE 





X Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of ' thearL 

step if combined P Document published on or after the declared priority date but before 



Y . Document indicating lack of inyenlive step 

with one or more other documents of same category. 

& Member of the same patent family . 



the filing date of this invention. 
E Patent document published on or after, but with priority date earlier 
than, the filing date of this application. ' 



An Executive Agency of the Department of Trade and Industry 



.•6: 4Jr I' 




THIS PAGE BLANK (usptoj 



